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Black Aspergilli (Aspergillus section Nigri) are widely distributed in various habitats. They act as food 
spoilage organisms, human pathogens, and mycotoxin producers and are frequently encountered in indoor 
environments. Black Aspergilli, specifically A. niger, A. welwitschiae, and A. carbonarius, produce different 
ochratoxins and fumonisins. Ochratoxins are known to induce renal disorders following inhalation, which 
necessitates the determination of potential mycotoxin-producing species in our environment. This paper 
aimed to compare the diversity and species distribution of black Aspergilli in the indoor environments of 
six different countries using morphological and molecular methods. A total of 178 black Aspergillus isolates 
were identified from six countries. In contrast with results from previous studies, A. niger was not the only 
black Aspergillus detected in indoor air. Species distribution differed among countries, although the 
distribution in European countries (Croatia, Hungary, the Netherlands, and Turkey) with a temperate climate 
was considerably similar. The highest species diversity was observed in indoor samples from Thailand, 
while the lowest was found in Algeria. Potentially ochratoxin- and fumonisin-producing fungi were detected 
in the indoor air of all six countries. Further studies need to clarify the effect of these fungi and their 
mycotoxins on human and animal health.
KEY WORDS: Aspergillus section Nigri; indoor fungi; calmodulin gene; sequence-based 
identification; species distribution
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Moulds are widely distributed in indoor and 
outdoor environments. They are essential components 
of our ecosystem providing decomposition of many 
organic substances necessary for plant, animal, and 
human life (1). However, excessive exposure to 
moulds has been a health issue for humans for many 
years, as they are frequently found in homes, office 
buildings, schools, vehicles, and other locations where 
organic matter and water are left unattended. They are 
common in household dust and can cause allergic 
symptoms or invasive infections in humans with weak 
immune systems. They can also be harmful considering 
their toxin-producing abilities (2).
Black Aspergilli (Aspergillus section Nigri) are 
important in food mycology, medical mycology, and 
biotechnology, frequently occurring in indoor 
environments (1, 3). Many species cause food 
spoilage, but are also used in the fermentation industry 
to produce various enzymes and organic acids (4). 
Some species also act as plant pathogens, including 
A. carbonarius and A. niger in grapes, and A. 
welwitschiae in onions and the plant Welwitschia 
mirabilis (5, 6). Moreover, several species can produce 
mycotoxins including ochratoxins and fumonisins that 
can be harmful for both humans and animals (4, 6-9). 
Although data regarding fumonisin absorption 
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following inhalation and/or dermal exposure are not 
available (10), ochratoxin A exposure via inhalation 
has been described in the literature to cause kidney 
disease in animals and humans (11), which is why 
precise identification at the species level is of immense 
importance. Recent data indicate that Aspergillus 
section Nigri comprises 25 species (4, 12-14), which 
can be divided into five main clades. The A. niger 
clade includes 10 biseriate species and was divided 
into three subclades based on ß-tubulin and calmodulin 
sequence data: the A. tubingensis, A. niger, and A. 
brasiliensis subclades (13). Recently A. awamori was 
described (15) and later renamed A. welwitschiae, 
while A. acidus was renamed A. luchuensis (16). Some 
of these species are able to produce carcinogenic 
mycotoxins including ochratoxins and fumonisins (4, 
17). Black Aspergilli isolated from indoor air are 
usually referred to as A. niger (18). Black Aspergilli 
were found in indoor air in several countries including 
Great Britain, the Czech Republic, Egypt, Saudi 
Arabia, the US, Canada, and Slovakia (18). In general, 
they occur more frequently in tropical or subtropical 
areas (18, 19).
Although they are common in indoor environments, 
the species composition of black Aspergilli is 
unknown. That is why the aim of this work was to 
compare the diversity and species distribution of black 
Aspergilli in indoor environments of various countries 
using morphological and molecular methods. 
MATERIALS AND METHODS
The samples used were obtained from six different 
countries as part of interlaboratory cooperation and 
comparison. Samples of airborne fungi were collected 
in Croatia, Hungary, the Netherlands, Turkey, Algeria, 
and Thailand between 2010 and 2013 using standard 
methods. The Petri plate sedimentation method or 
airsamplers using dichloran 18% glycerol agar (DG-
18) plates were used for sampling airborne fungi (1, 
20). The plates were incubated at 25±2 °C and the 
developed fungal colonies were counted 5 days later. 
Airborne fungi were identified on the basis of their 
macro- and microscopic characteristics after 
subculturing on Czapek Yeast Agar (CYA) and Malt 
Extract Agar (MEA) (1). Black Aspergillus isolates 
(n=178) were purified and cultivated on CYA and 
MEA plates at 25 °C in the dark for seven days. 
Morphological identifications were carried out 
according to literature (1, 4, 21).
For sequence-based identification, the cultures 
used for the molecular studies were grown on malt 
peptone (MP) broth for 2 days, and DNA was extracted 
from the mycelia using the Masterpure™ yeast DNA 
purification kit (Epicentre Biotechnologies, Madison, 
WI, USA) according to the manufacturer’s instructions. 
A part of the calmodulin gene was amplified and 
sequenced as described previously (4). The calmodulin 
sequences were compared using nucleotide-nucleotide 
BLAST (blastn) with default settings (22) with the 
Genbank database and our own sequence database. 
Species identification was determined from the lowest 
expected value of BLAST output.
RESULTS AND DISCUSSION
In this preliminary study, the species distribution 
of black Aspergilli was examined in various indoor 
environments of six countries using sequence-based 
methods. Since the sampling methods varied, a 
detailed analysis of the quantitative distribution of 
species was not possible. Consequently, we instead 
concentrated on the species distribution of the isolates. 
Altogether, 178 black Aspergillus isolates were 
obtained and examined using morphological methods. 
In accordance with the literature, these isolates could 
not be reliably assigned to species based on their 
macro- or micromorphological features, with the 
exception of A. carbonarius, which produces larger 
conidial heads and conidia than the other species (4). 
However, the isolates were successfully assigned to 
species using partial sequence data of the calmodulin 
gene, which is in agreement with previous studies (4, 
13). 
The observed species distributions were highly 
variable in the examined countries (Figure 1). The 
examined isolates from Thailand showed the greatest 
diversity; 22 isolates belonged to 7 different species 
among which 2 isolates represented a new species 
related to Aspergillus saccharolyticus (23) and will be 
characterized in future studies, especially regarding 
their genetic and chemical profiles. The smallest 
diversity was observed in the Algerian dataset, where 
only 2 species could be observed. Interestingly, A. 
carbonarius, commonly found in various types of 
environments and significant for its ability to produce 
high quantities of ochratoxin A (4, 24), was observed 
only in this country. The diversity of black Aspergilli 
was similar in European countries. Four species were 
identified in Hungary and the Netherlands while 5 
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species were identified in Croatia. Interestingly, the 
species distributions were very similar: A. niger, A. 
tubingensis, A. luchuensis, and A. welwitschiae were 
identified in all three countries. In Turkey, A. 
tubingensis, A. luchuensis, and A. welwitschiae were 
also present, whereas A. niger was not detected. 
However, in this country the sample size was relatively 
small, since only 12 black Aspergilli could be isolated.
In summary, in contrast to previous studies, A. 
niger was not the only black Aspergillus present in 
indoor air. Species diversity was different in the 
countries examined, although the species distributions 
in European countries with temperate climate were 
highly similar. A. niger, A. tubingensis, A. luchuensis, 
and A. welwitschiae were identified in three of the 
European countries, as well as in Turkey, with the 
exception of A. niger, indicating the significant role 
of climatic conditions on the distribution and 
occurrence of indoor fungi. At least one of the 
potentially ochratoxin- and fumonisin-producing fungi 
A. niger, A. welwitschiae, and A. carbonarius was 
detected in all six countries. Further studies are needed 
to clarify the real impact of these fungi and their 
mycotoxins on human and animal health.
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Figure 1 Distribution of black Aspergillus species in indoor environments in different countries based on their calmodulin 
sequence data.
n – represents the number of strains in section Nigri
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Sažetak
Rasprostranjenost crnih plijesni roda Aspergillus u unutarnjem prostoru u šest država
Crne plijesni roda Aspergillus široko su rasprostranjene u različitim životnim prostorima. Razgrađivači su 
hrane, ljudski patogeni i proizvođači mikotoksina. Također ih se često može pronaći u unutarnjim prostorima, 
a pojedine vrste poput A. niger, A. welwitschiae i A. carbonarius proizvode ohratoksine i fumonizine. 
Udisanje ohratoksina uzrokuje poremećaje bubrežne funkcije, pa je iznimno važno odrediti plijesni u 
našem okolišu koje bi ih mogle proizvoditi. U ovom se radu uspoređuje raznolikost i rasprostranjenost 
vrsta crnih plijesni roda Aspergillus u unutarnjem prostoru šest različitih zemalja morfološkim i 
molekularnim metodama. Analizirano je ukupno 178 uzoraka. Za razliku od prethodnih studija, u zraku 
unutarnjih prostora nije pronađena samo A. niger. Rasprostranjenost vrsta u europskim zemljama (Hrvatska, 
Mađarska, Nizozemska i Turska), gdje je klima umjerena, bila je umnogome slična. Najveća raznolikost 
uočena je u uzorcima iz Tajlanda, a najmanja u Alžiru. Da bi se razjasnili štetni učinci navedenih plijesni 
i mikrotoksina na zdravlje ljudi i životinja, potrebna su daljnja istraživanja.
KLJUČNE RIJEČI: gen za kalmodulin; identifikacija zasnovana na slijedu baza; plijesni unutarnjih 
prostora; rasprostranjenost vrsta
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